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1 The aim of this study was to investigate the binding of a novel GABAB receptor radioligand,
[3H]-CGP62349, to human post-mortem control and epileptic hippocampal sections using
quantitative receptor autoradiography. Utilizing human control hippocampal sections it was shown
that [3H]-CGP62349 bound with high a�nity (KD 0.5 nM) to this tissue.

2 Hippocampal slices from surgical specimens obtained from patients with hippocampal sclerosis
(HS) and temporal lobe epilepsy (TLE) were compared with neurologically normal post-mortem
control subjects for neuropathology and GABAB receptor density and a�nity. Neuronal loss was
observed in most of the hippocampal subregions, but in the subiculum no signi®cant di�erence was
detected.

3 The localization of GABAB receptors with the antagonist [3H]-CGP62349 in human control
hippocampal sections supported and extended earlier studies using the agonist ligand [3H]-GABA.

4 The kinetics of binding to the GABAB receptor in human hippocampus using this novel
compound was comparable to previous data obtained in rat hippocampal membranes.

5 GABAB receptor density (Bmax) was signi®cantly reduced in CA3, hilus, and dentate gyrus (DG);
the a�nity was increased exclusively in DG. The trend is identical in all the hippocampal subregions
with the agonist and the antagonist, although signi®cant di�erences with the antagonist where
recorded in CA3 and hilus, whereas with the agonist a signi®cant reduction was reported in all of
the hippocampal sub®elds.

6 GABAB receptor expression per remaining neuron appeared signi®cantly increased in CA3 and
hilus. These results suggest altered GABAB receptor function may occur in human TLE, possibly as
a result of synaptic reorganization, and may contribute to epileptogenesis.
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Introduction

g-Aminobutyric acid GABA is the main inhibitory neuro-

transmitter in the mammalian brain (Curtis, 1974; Krnjevic,
1974), which acts through ionotropic (GABAA/C) and
metabotropic (GABAB) receptors to modulate neuronal

activity (Hill et al., 1984; Andrade et al., 1986; Kaupmann
et al., 1997). Stimulation of postsynaptic GABAB receptors
increases neuronal K+ conductance to generate long-lasting

inhibitory postsynaptic potentials (Dutar & Nicoll, 1988) and
inhibition of adenylate cyclase activity, leading to a reduction
of cAMP levels (Wojcik & Ne�, 1984). Activation of

presynaptic GABAB receptors decreases Ca2+ in¯ux (Taka-
hashi et al., 1998). Each of these events is mediated via G-
proteins (Misgeld et al., 1995).
In 1997 cDNA sequences for GABAB1 receptors were

published (Kaupmann et al., 1997) and a second GABAB

receptor subunit, GABAB2, was identi®ed a year later
(Kaupmann et al., 1998; Jones et al., 1998; White et al., 1998)

with homology to GABAB1. It then became apparent that the

functional receptor comprises a dimeric composition formed by
isoforms of these two subunits. Current evidence suggests that
whilst both subunits are required for expression of the

functional receptor in the neuronal membrane, only GABAB1

provides the binding domain. GABAB2 appears to be
responsible for second messenger processing (Kuner et al.,

1999; Martin et al., 1999; Ng et al., 1999; Robbins et al., 2001).
Temporal lobe epilepsy (TLE) is a common adult seizure

disorder and, when associated with hippocampal sclerosis

(HS), is the most refractory to pharmacotherapy (Engel,
1994; Semah et al., 1998). Neuronal loss has been described
in HS (Kim et al., 1990; Hopkins et al., 1995), with a speci®c
pattern of cell loss, notably with individual regions being

di�erentially a�ected (Babb et al., 1984). Evidence from
electrophysiological studies of neurones from human hippo-
campal sclerosis specimens, has indicated a reduction in

evoked inhibitory postsynaptic potentials (IPSP) when
compared to neurones in specimens obtained from patients
with structural lesions (Isokawa et al., 1991; Knowles et al.,
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1992). This suggests that GABA mediated inhibition in the
hippocampus of HS patients may be compromised and
alterations in GABAA receptor subtypes have been described

in relation to human TLE (Loup et al., 2000). Numerous
studies in animal models of TLE have also shown di�erent
degrees of impairment in GABAB mediated neurotransmis-
sion (Asprodini et al., 1992; Buhl et al., 1996; Mangan &

Lothman, 1996; Haas et al., 1996; Wu & Leung, 1997)
suggesting that the GABAB receptor may also play an
important role in the control of neuronal excitability and

seizures.
The aim of the present study was to investigate

abnormalities in GABAB receptor binding parameters in

HS and TLE, using the antagonist [3H]-CGP62349 for
receptor autoradiographic analysis and to relate this to the
quantitative neuropathology from the same hippocampal

specimens.

Methods

Tissue preparation

Human brain tissue was obtained from patients with
medically refractory, unilateral, mesial TLE who were
undergoing surgical resection of the hippocampus (Table 1).

Following resection, the specimens were immediately frozen
and stored at 7808C until further sectioning. The remaining
hippocampal tissue was ®xed in 4% formalin and subse-

quently para�n-embedded for microtome sectioning.
Control hippocampi were obtained at autopsy, from

individuals with no previous medical history of neurological
or psychiatric disease (Table 2). Control brains were dissected

into blocks, frozen and stored at 7808C (Kingsbury et al.,
1996). The remaining hemisphere was treated as described for
the hippocampal sclerosis specimens.

Sections (12 mm) of frozen human brain tissue were cut at
7208C and thaw mounted onto charged microscope slides
(BDH Superfrost Plus). Tissue sections were allowed to air-

dry for up to 30 min in order to ensure adhesion to the
microscope slides and stored with desiccant in plastic slide
boxes at 7808C.

Tissue sections for quantitative neuropathology were cut

from para�n-embedded blocks of formalin-®xed tissue, using
a microtome set at 25 mm. Sections were mounted onto
charged microscope slides, counterstained with cresyl-violet/

luxol fast blue and stored at room temperature until required.
This study was approved by the Joint Medical Ethics

Committee of Institute of Neurology and the National

Hospital for Neurology and Neurosurgery.

Quantitative neuropathology

Quantitative neuropathology consists of assessment of
neuronal numbers in hippocampal sub®elds of control and
sclerotic hippocampi, was based on three-dimensional

Table 1 Clinical data from 13 TLE/HS patient studied

Patient Age at surgery Age at onset CP seizure Secondary Anti-epileptid drugs
no Gender (years) (years) frequency generalization (dose in mg/day)

1 M 37 13 3 per month Y CBZ 1400 mg, LTG 400 mg
2 M 28 20 10 per month N PHT 350 mg, TPM 300 mg,

CLB 10 mg, GBP 2400 mg
Amitryptiline 25 mg

3 M 48 16 8 per month Y CBZ 1600 mg, VPA 600 mg
Diazepam 10 mg

4 F 40 19 10 per month N CBZ 600 mg, CLB 10 mg,
Acetazolamide 500 mg

5 M 45 16 6 per month Y VPA 1500 mg, PHT 300 mg
6 M 28 2 25 per month Y LTG 400 mg, CBZ 800 mg,

Tiagabine 45 mg
7 M 26 7 8 per month N CBZ 1600 mg, TPM 600 mg
8 M 32 11 6 per month Y TPM 200 mg, PHT 500 mg
9 F 44 10 7 per year Y PHT 400 mg, CLB 10 mg
10 F 30 6 9 per month N CBZ 800 mg, Diazepam 12 mg,

LTG 300 mg, Rifampicin 600 mg,
Pyridoxine 20 mg

11 F 42 17 4 per month N CBZ 1200 mg, LTG 300 mg,
Atenolol 100 mg

12 F 34 27 10 per month N Acetazolamide 500 mg, CBZ 1200 mg
13 F 20 6 15 per month Y CBZ 800 mg, VPA 1200 mg

CBZ, carbamazepine; CLB, clobazam; VGB, vigabatrin; LTG, lamotrigine; PHT, phenytoin; TPM, topiramate; VPA, sodium
valproate.

Table 2 Clinical data from nine post-mortem control
hippocampal tissues

Post-mortem
Case Age interval
no Gender (years) (hours) Cause of death

1 F 81 24 Bronchopneumonia
2 F 55 24 Acute hepatic failure
3 M 56 26 Gastrointestinal bleed
4 F 62 81 Haemothorax
5 M 86 53 Bronchopneumonia,

heart failure
6 M 91 48 Bronchopneumonia
7 F 83 22 Cancer lung
8 F 81 13.5 Cancer colon
9 M 63 42 Congestive heart disease
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counting (3DC) methods published by Williams & Rakic
(1988). Brie¯y, the neuronal densities were estimated in six
subregions of human hippocampi (granular layer of the DG,

and pyramidal layer of hilus, CA3, CA2, CA1, and
subiculum) in neurologically normal post-mortem controls
and in tissue from TLE patients, in 20 mm cresyl violet
stained sections of para�n embedded tissues from an

adjacent part of the same sample.

Receptor autoradiography

Sections were removed from the freezer on the day of the
assay and allowed to equilibrate to room temperature for 1 h.

They were then incubated in assay bu�er (50 mM Tris/HCl
pH 7.4, 2.5 mM CaCl2) at 238C for 20 min, followed by a
further 60 min in fresh assay bu�er. Slides were then dried

under a stream of cool air for 30 min. Each section was
incubated for 60 min in solution containing the receptor
ligand, [3H]-CGP62349 (0.125 ± 8 nM). Non-speci®c binding
was determined by the addition of an unlabelled GABAB

antagonist, CGP54626A (10 mM). After incubation the
solution was aspirated and the slides dipped in assay bu�er
for 261 min followed by 1 min dip in distilled water to

remove bu�er salt. Slides were allowed to dry under a stream
of cool air for 30 min before being apposed to [3H]-sensitive
autoradiographic ®lms (Hyper®lm, Amersham, U.K.) in

lightproof cassettes for 21 days stored at room temperature.
Each cassette contained a slide mounted plastic impregnated
microscale along with the experimental slides to allow for

subsequent quantitative densitometric analysis.

Quantitative data analysis

Quanti®cation of receptor autoradiography was achieved by
®lm densitometry using an image analysis system (MCID±
Microcomputer Imaging Device, Imaging Research Inc.,

Canada), and optical density was converted to fmol mg71

of bound ligand. Total binding was assessed in two to four
sections per concentration of [3H]-CGP62349. Binding

parameters receptor density (Bmax) and a�nity (KD) were
determined by the use of the Langmuir equation in Prism PC
software (GraphPad Software, San Diego, CA, U.S.A.).

Results

Comparison of neuronal density in control and epileptic
patients

In hippocampi resected from patients with HS, signi®cant
neuronal loss was observed in all hippocampal subregions,
except for the subiculum (Figure 1). CA3, hilus, and DG,

were the most severely a�ected, with neuronal density
reductions of 72, 77, and 73% respectively. A lower neuronal
loss was detected in CA1 and CA2 at 56 and 58%, whilst no
signi®cant di�erence was noted in the subiculum (3%).

GABAB receptor autoradiography

The association of [3H]-CGP62349 to GABAB receptors at
238C was rapid, with equilibrium reached within 60 min, and
stability maintained for at least a further 60 min. Association

at 48C was much slower with equilibrium reached after
120 min. Analysis performed assuming pseudo-®rst order
association kinetics indicated an apparent association rate at

238C of=0.082+0.014, and a half-life of t1/2=
18.32+3.76 min. An incubation time of 60 min at 238C was
adopted for use in subsequent studies.
Dissociation by in®nite dilution of [3H]-CGP62349 for

increasing periods of time was demonstrated to be initially
rapid for the ®rst 10 min, then very slow with a substantial
amount of binding remaining at 120 min. Kinetic analysis

yielded a dissociation rate constant k71=0.45+0.34 min71

with a half-life of t1/2=1.53+0.31 min at 238C, and a
dissociation rate constant k71=0.11+0.05 min71 with a

half-life of t1/2=6.24+1.13 min at 48C. A washing schedule
of 261 min at 238C was adopted, as this provided a high
percentage of speci®c binding (approximately 89% at

0.5 nM).
A representative example of a saturation plot from CA1 of

a single post-mortem control sample measured in duplicate is
shown in Figure 2. Speci®c binding appeared to be saturable

within the concentration range used (0.125 ± 8 nM), and non-
speci®c binding remains linear and constant at the ®lm
background levels over the entire concentration range

employed. Analysis of speci®c components of binding using
a one site hyperbola ®t indicated an equilibrium dissociation
constant KD=0.499+0.12 and a receptor density of

Bmax=581+42.19 fmol mg71 tissue.

GABAB receptors distribution in the human control
hippocampus

Figure 3A is an image of a section of post-mortem control
hippocampus showing that GABAB receptors are widely and

evenly distributed throughout the human hippocampus, as
previously reported (Chu et al., 1987). The greatest density
was observed in the granular layer of the dentate gyrus

(SGDG), (Bmax value of 868.06+38.52 fmole mg71). The
strata oriens, pyramidale, radiatum and lacunosum of
CA1 subregion (654.18+42.10 fmole mg71), CA2 subregion

(708.85+39.59 fmole mg71), CA3 subregion (653.25+

Figure 1 Mean neuronal density in post-mortem control hippocam-
pal samples (n=5) and resected epileptic hippocampal tissues (n=6±
11). Three-dimensional cell counts were performed on formaline ®xed
tissue sections (20 mm thickness). Data are expressed as mean+
s.e.mean. Statistical analysis used unpaired Student's t-test (two-
tailed), where *P50.05, **P50.01, ***P50.001. SUB, subiculum.
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26.79 fmole mg71) and hilus (700.5+74.6 fmole mg71), de-

monstrated a comparable level of binding between the
hippocampal subregions. The subiculum expressed a lower
level (429.32+37.62 fmole mg71) of GABAB binding. Non-

speci®c binding was the same level as the background.

Comparison of receptor affinity (KD) between control
and HS patients

Data obtained from saturation receptor autoradiography
studies of hippocampi slices from control and HS patients

describing the a�nity of [3H]-CGP62349 for its binding site
on GABAB receptors are summarized in Figure 4. In the
control group the hilus had the lowest a�nity for [3H]-

CGP62349 and the subiculum demonstrated the highest
a�nity (KD values of 0.626+0.065 and 0.428+0.049
respectively). Binding a�nity for [3H]-CGP62349 was similar

for DG, CA1, CA2, CA3 subregions with KD values of
0.585+0.066, 0.527+0.044, 0.538+0.073, and 0.449+0.035
respectively. The a�nity of [3H]-CGP62349 receptor sites
increased signi®cantly in the DG of HS patients as compared

to post-mortem controls with a decrease in KD value of
53.51+4%. There were no signi®cant di�erences in the other
hippocampal subregions.

Comparison of Bmax between control and epileptic patients

De®cits in [3H]-CGP62349 binding to GABAB receptors are
evident in the images of Figure 3. The comparison between
the two images of [3H]-CGP62349 binding in control (Figure

3A) and HS (Figure 3B) hippocampi revealed an apparent
loss of GABAB binding sites in the subregions in HS. The
greatest loss was present in the hilus and DG with respective
decreases of 52 and 47%. A minor de®cit was observed in

CA1 and CA3 with a reduction of 39 and 37%, whereas CA2
did not show a signi®cant de®cit with a reduction of 16%
and the subiculum was unaltered (Figure 3).

The value of Bmax showed a reduction of [3H]-CGP62349
binding to GABAB, which was statistically signi®cant in the
DG 48+4% (P50.001), in hilus 52+3% (P50.001) and in

CA3 36+8% (P50.05), CA1 40+5% (P50.05) (Figure 5).

It should be noted that binding data for CA3, CA2, and
sometimes CA1, were not available in some of the HS
patients due to damage to these areas occurring during

resections.

[3H]-CGP62349 binding corrected for neuronal density

To correct for the alteration in the neuronal numbers in HS,
we calculated the ratio of GABAB binding sites per neurone
by dividing the Bmax values relating to each subregion by the

corresponding neuronal density for that subregion (Figure 6).
There was no signi®cant change in the ratio of Bmax to
neuronal density in four of the six subregions examined.

Figure 3 Autoradiographic images illustrating ®lm optical density
corresponding to total binding site distribution following auto-
radiography [3H]-CGP62349 (0.75 nM concentration) in sections of
hippocampus from a control post-mortem brain numbered in
Table 2 case no 5 (A) and an epileptic patient a�ected by HS
(B). An apparent loss of GABAB receptor can be seen mainly in
CA4, DG. The control and TLE hippocampi were processed at
the same time in the same conditions. In TLE CA1, CA2 and
CA3 were missed because of the surgical procedure. Scale bars
represent 4 mm.

Figure 2 Concentrations of [3H]-CGP62349 were in the range 0.125
to 8 nM. Non-speci®c binding is indicated by closed squares, and
total binding by closed triangles. The di�erence between total and
non-speci®c gives speci®c binding denoted by dots. Non-speci®c
binding was determined in the presence of 10 mM CGP54626A. Data
shown are from a single tissue sample.
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However, in CA3 and hilus the ratio of Bmax to neuronal
density in HS demonstrated an increment of 85 and 123%
over mean control values and these increases in binding sites

on surviving neurones were both statistically signi®cant
(P50.05, P50.001). Trends toward changes in binding
within the di�erent regions of the TLE hippocampus
compared favourably with those observed in the previous

study by Billinton et al. (2001) using the agonist ligand, [3H]-
GABA.

Discussion

It is generally accepted that GABAA receptor mechanisms
play a crucial role in the manifestation of partial and
generalized tonic-clonic seizures (MoÈ hler et al., 1997; Loup et

al., 2000) whereas the contribution of GABAB receptors is
unclear. Whilst GABAB sites have been implicated in absence
seizures (Marescaux et al., 1992; Vergnes et al., 1997) there
has been little to suggest that they are involved in the

generation of partial and generalized tonic-clonic seizures
(Sato et al., 1990; Ko¯er et al., 1994).
The present study was designed to test whether the

hippocampus of patients with HS and TLE contains an
altered density of GABAB receptors, which might contribute
to the increased excitatory activity, observed in this tissue.

HS encompasses a wide range of neuronal loss and this
necessitated using quantitative 3D cell counting to obtain
precise neurone densities together with an accurate diagnosis

of the severity of HS in each case.
A relatively new high a�nity antagonist ligand was used

for this study. Several studies have previously been performed
in rat brain utilizing the agonist ligands, [3H]-GABA and

[3H]-baclofen (Hill & Bowery, 1981; Gehlert et al., 1985)
which showed a high level of non-speci®c binding and a
lower a�nity compared to the new antagonist [3H]-

CGP62349 which has a high a�nity for GABAB sites with
low non-speci®c binding (Bittiger et al., 1996). This ligand
also associates rapidly, and dissociates slowly from the

receptor. The distribution of GABAB receptors in rat brain,
as displayed by [3H]-CGP62349, was similar to that obtained
with [3H]-GABA and [3H]-baclofen (Wilkin et al., 1981;
Gehlert et al., 1985; Bowery et al., 1987; Chu et al., 1990;

Billinton et al., 2001).
Factors such as post-mortem interval (PMI) or sample

storage times of 4 ± 10 years have been reported to in¯uence

GABAB stimulated GTPase activity, and may a�ect agonist
binding parameters (Odagaki et al., 1998), but we have
bypassed these limitations using the antagonist ligand [3H]-

CGP62349. The binding of the ligand would not be
in¯uenced by these factors because the antagonist binds to
both the uncoupled receptor whilst the agonist is capable of

only binding to the G-protein coupled receptor. After very
long storage times e.g. 6 years it is suggested (Lloyd &
Dreksler, 1979) that agonist binding may well be reduced.
All of the tissue samples used in this study have been stored

for less than 4 years. Interestingly, Lloyd & Dreksler (1979)
have demonstrated that even [3H]-GABA binding in human
tissue is independent of age, PMI, sex or storage time up to

6 years. If the agonist binding is not a�ected by any of these
factors it is even less likely that antagonist binding would be
a�ected.

Figure 5 Mean receptor population (Bmax) in post mortem control
hippocampal tissue (n=5±8) and resected epileptic hippocampal
sample (n=8±13). Data are represented as mean+s.e.mean.
Statistical analysis used unpaired Student's t-test (two-tailed), where
*P50.05, **P50.01, ***P50.001. SUB, subiculum.

Figure 6 Histogram representing ratio of Bmax to neuronal density
in tissue sections from post-mortem control and patients with HS.
Histogram bars represent the mean ratio from hippocampal
subregion and error bars represent s.e.mean. Groups were compared
using an unpaired Student's t-test (two-tailed) where *P50.05,
***P50.001. SUB, subiculum.

Figure 4 Mean receptor a�nity (KD) in post mortem control
hippocampal tissue (n=5±8) and resected epileptic hippocampal
sample (n=8±13). Data are represented as mean+s.e.mean.
Statistical analysis used unpaired Student's t-test (two-tailed), where
**P50.01. SUB, subiculum.
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GABAB receptor autoradiography

A previous study from our laboratory, utilizing the agonist

[3H]-GABA, demonstrated a wide distribution of GABAB

binding sites in all of the human hippocampal subregions. A
signi®cant decrease in receptor density in CA1, CA2, CA3,
hilus, and DG regions of hippocampi from TLE patients was

reported, whereas the subiculum showed an apparent increase
in receptor density (Billinton et al., 2001). In the current
study [3H]-CGP62349 also demonstrated a signi®cant reduc-

tion in receptor density in CA1, CA3, hilus, and DG, thus
con®rming the previous results obtained with the agonist
ligand in these four subregions. However, in CA2 no

signi®cant reduction was noted and there also appeared to
be no change in the subiculum. As pointed out above this
may be due to the agonist [3H]-GABA binding exclusively to

the G-protein coupled receptor, whilst the antagonist, [3H]-
CGP62349, binds to both the coupled and uncoupled
receptor, giving a better indication of the total number of
GABAB receptors. The former study (Billinton et al., 2001)

also showed an increase in the receptor a�nity, for the [3H]-
GABA agonist, in CA3 and hilus, whereas the data obtained
with the antagonist [3H]-CGP62349 demonstrated a signi®-

cant augmentation in a�nity only in the DG. The underlying
reason(s) for the discrepancy is unclear but the 100-fold
greater a�nity of the antagonist over the agonist, [3H]-

GABA, may contribute.
The data from the present study indicate that any decrease

in receptor density, between controls and patients with HS

and TLE, was minor in most of the hippocampal subregions
compared to the study with [3H]-GABA. In the CA3
hippocampal subregion the reduction in receptor density
reported for the agonist [3H]-GABA was greater than that

obtained with the antagonist [3H]-CGP62349. For the DG
hippocampal sub®eld the decrease in receptor density
appeared to be less marked with the agonist, [3H]-GABA,

than with the antagonist [3H]-CGP62349.
The patients whose tissue was used in this study were all

undergoing chronic anti-epileptic drug therapy, and none of

drugs administered have been reported to interact directly or
indirectly with GABAB receptors. Comparative analysis of
the data from individual subjects in the present study
indicated that the variations in drug therapy had no in¯uence

on the outcome of the binding studies.

Quantitative neuropathology

The advanced technique of three dimensional (3D) cell
counting was utilized in this study, as it is believed to be

more accurate method than any previously used, which
usually involve a correction factor, such as that introduced
by Abercombie (1946). According to Williams & Rakic

(1988), the other methods could rarely claim accuracy greater
than +10% and the correction factors introduced bias in the
form of size, shape and orientation of cells, which have to be
taken into account. The 3D method de®nes a counting area

within the section, and the main limit to its use is section
thickness. The method is direct, does not make use of any
correction factors and any splitting of cells by the microtome

does not in¯uence it.
Three dimensional cell counts were performed in CA1,

CA2, CA3, hilus, the subiculum pyramidal layer, and dentate

gyrus granule cell layer (gl). Counts were obtained from four
to ®ve post-mortem controls and from six to eleven epileptic
patients, though some hippocampal subregions occasionally

were not available for quanti®cation due to the loss of some
sub®elds through the surgical process. The data obtained
from 3D cell counting con®rmed a signi®cant neuronal loss in
CA1, CA3, hilus and DG (c.f. Amaral & Insausti, 1990), but

not in the subiculum and only partially in CA2, which has
been reported to be usually preserved under these conditions
(Margerison & Corsellis, 1966).

The necessity of counting the neurones in the hippocampi
from control and subjects with epilepsy represents an
important task, ®rstly to con®rm the histopathology of the

patients; and secondly because the receptor density measured
by the Bmax parameter, needs to be interpreted in the light of
the characteristic neuronal cell loss in HS.

Comparison of Bmax corrected for neuronal counts

The Bmax value obtained from the autoradiography was

corrected for neuronal density to obtain the Bmax values in
the remaining neurones.

As a consequence of this correction a signi®cant up-

regulation was found in CA3 and hilus, which might represent
an increase in the number of GABAB receptors at pre- and/or
post-synaptic sites. This might be part of the mechanism

involved in the reduction of inhibition produced in TLE
patients, contributing to epileptogenesis (Misgeld et al., 1995).
An increase in both GAD65 and GAD67 at the gene and

protein levels occurs in the remaining neurons of HS/TLE
patients (Esclapez & Houser, 1999), with a reduction in GAT-1
and an increase in excitatory amino acid transporter, EAAT3,
immunoreactivity in the granular and pyramidal hippocampal

layers (Mathern et al., 1999). The increase in the enzymes
synthesizing GABA coupled with a reduction of the
transporter might suggest that there is an inadequacy of

GABA and thus an increase in receptor numbers might be a
compensatory mechanism, which is still insu�cient to
compensate for the hyperexcitation induced by an increase in

glutamate, as re¯ected in the change in EAAT3. An increase in
glutamate receptors such as NMDA and AMPA has
previously been reported in TLE tissue (Brines et al., 1997).
Changes in GABAA receptor mechanisms have also been

demonstrated to be involved in the reduction of inhibition,
which is considered to underlie most forms of epilepsy. Loup et
al. (2000) have analysed the expression of six di�erent GABAA

receptor subunits in human TLE using immunocytochemistry,
and each of these subunits appeared to be altered in the
di�erent hippocampal subregions of HS/TLE. There was no

correlation between the changes that were observed in this
study and our present data.

The data might suggest that changes in GABAB receptor

function occur in human TLE, possibly as a result of synaptic
reorganization. It is impossible at present to distinguish
between pre- and post-synaptic receptor forms by binding, as
antagonists to achieve this purpose are not yet available.

Immunocytochemical studies using the antibodies raised
against the two di�erent GABAB1 isoforms and GABAB2

subunit should help clarify the involvement of GABAB

receptor in human TLE.
Even though a de®cit of GABAergic inhibition is a basic

hypothesis to verify in epileptic tissue it has revealed very
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di�cult. One of the reasons is represented by the multiplicity
of GABAergic inhibitory pathways and the multiplicity of the
variables characterizing inhibition within any di�erent

inhibitory pathway. What is emerging from recent studies
(Esclapez & Houser, 1999; Mathern et al., 1999; Brines et al.,
1997; Loup et al., 2000) GABAergic inhibition may appear
increased, decrease, or una�ected, and these alterations are

brain area and inhibitory pathway-speci®c.
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